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(54) Quartz glass crucible for producing silicon singie crystal and method for producing the 
crucible 



(57) An objective of the present invention is to pro- 
vide a quartz glass crucible for pulling up silicon single 
crystal suitable for improving the productivity of the cru- 
cibles and the quality of silicon single crystal, and to a 
process for producing the same. According to the inven- 
tion, an intermediate layer of the crucible wall having 
particularly low viscosity is selectively crystallized. 
Therfore the roughening of inner surface during pulling 
up the silicon single crystal is suppressed; thus, not only 
the ratio of crystallization into single crystals is 
improved, but also the incorporation of impurities into 
the silicon single crystal is prevented. The problems 
were solved by a method comprising the following 



(a) forming a pre-mokJing by feeding powdered sili- 
con dioxide into said mold, and by then forming it 
into a layer along the inner surface of the mold; 

(b) forming a crudble base body of a translucent 
quartz glass layer by heating said pre-molding from 
the inner side, thereby partially melting said pow- 
dered silicon dioxide, followed by cooling and solid- 
ifying the melt; 

(c) forming a crystallization promoter containing 
layer along the internal wall surface of said crucible 
base body by scattering the crystallization promoter 
on the surfece of the Internal wall of the crucible 
body during or after forming the crucible base body, 



and 

d) forming a synthetic quartz glass layer by scatter- 
ing and fusing a powder of silicon dioxide on the 
crystallization promoter containing layer that is 
formed along the internal wall surface of said crud- 
t>le base body 
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Description 

IrKlg^trial Field of th^ InyentiQn 

5 [0001 ] The present invention relates to a quartz glass crucible for use in pulling up silicon single crystal and to a proc- 
ess for producing the same; in further detail, it relates to a quartz glass crucible comprising a rotatable moid of an open- 
top type, and to a process for producing the mold. 

PfiQTArt 

10 

[0002] Conventionally, single crystal materials such as single crystal semiconductor material have been produced by 
a widely employed so-called Czochralski method. According to this method, polycrystalline silicon is molten inside a 
vessel, and an edge of a seed crystal Is Immersed to the molten bath and is rotatably pulled up so as to allow a single 
crystal having the same crystallographic orientation to be grown on the seed crystal. In general, a quartz glass crucible 

IS IS used for the vessel from which the single crystal is pulled up. 

[0003] It Is comnfion for quartz glass crucibles to be used for a long period of time while retaining the silicon melt at a 
temperature not lower than 1 400 ^C. In such a case, brown colored cristobalite tends to precipitate on the surface of the 
quartz glass which have been brought into contact with the silicon melt, and the cristobalite precipitates have been 
found to drop into the melt and cause dislocations in single crystals. 

20 [0004] With Increasing size In wafers in these days, the size of quartz glass crucibles for use in the fabrication of single 
crystals is also Increasing. However, with increasing duration of their use, more brown-colored alstobalite generate and 
drop into the melt, thereby increasing the formation of dislocations in the crystal. 

[0005] In the light of these circumstances, there have been proposed crucibles such as the one disclosed in unexam- 
ined published Japanese patent application Hei. 8-2932, In which the roughening of the Inner surface is prevented by 

25 forming a 1 mm or less thick coated layer or a melt-solidified layer of a crystallization promoter on the inner surface of 
the quartz glass crucible for pulling up silicon single crystal, so that a crystalline layer may be formed on the inner sur- 
face of the crucible during the fabrication of the single crystal. In EP-A 753 605 and EP-A1 748 885 it Is suggested to 
add a crystallization promoter In the form of Barium in the Inner and the outer surfaces of the quartz glass crucible. 
However, in such crucibles. Barium which Is present In the inner surface tends to be incorporated as an Impurity Into 

30 the single crystal, and, at the same time, it contaminates the graphite crucible which retains the quartz glass crucible. 
[0006] Another method is proposed in unexamined published Japanese patent application Hei. 9-52791 , which com- 
prises the converting of silica glass into cristobalite by gradually cooling the glass melt. The incorporation of impurities 
by single aystals can be avoided by adopting this proposal, however, the productivity is so low that the method is far 
from satisfactory 

35 

Problems the Invention Is to Solve 

[0007] It is an object of the invention to provide a quartz glass crucible for pulling up silicon single crystals that has 
inproved productivity. 

40 [0008] It is another object of the Invention to provide an Improved crucible for producing silicon single crystals having 
Improved quality. 

[0009] It is also an object of the invention to provide an Improved crucible, which Is capable of increasing the ratio of 
producing single crystals by selectively crystallizing only the synthetic quartz glass layer of the internal layer having par- 
ticularly low viscosity, thereby suppressing the roughening of the inner surface during pulling up the silicon single crys- 
45 tal. 

[001 0] It is yet another object of the invention to provide an improved crudble that suppresses defects in the single 
crystal by reducing Incorporation of impurities Into the single crystal. 

Means for gplvinq PrQbl^m$ 

so 

[001 1 ] As a solution to the aforementioned problems, the present invention is characterized by a method for producing 
a quartz glass crucible for pulling up silicon single aystal using a rotatable mold of an open-top type, comprising the 
fbllowing steps: 

55 (a) forming a pre-molding by feeding powdered silicon dioxide into the mold, and by then forming it into a layer along 
the inner surface of the mold; 

(b) forming a crucible base body of a translucent quartz glass layer by heating said pre-molding f rom the inner side. 
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thereby partially melting said powdered silicon dioxide, followed by cooling and solidifying the melt; 

(c) forming a crystallization promoter-containing layer along the internal wall surfoce of said crucible base body by 
scattering the crystallization promoter on tiie surface of the internal wall of the crucible body during or after forming 
5 the crucible base body, and 

d) forming a synthetic quartz glass layer by scattering and fusing a powder of silicon dioxide on the crystallization 
promoter-containing layer that is formed along the internal wall surface of said crucible base body. 

10 [001 2] A high temperature atmosphere means a temperature of 1 800 ""C or more. 

[0013] In the aforementioned step (c). it is preferred tiiat a crystallization promoter-containing layer is formed along 
the internal wall surface of the crucible base, by forming a high temperature gaseous atmosphere of the inner side of 
the crucible k>ase and supplying the aystallization promoter to the high temperature gaseous atmosphere, tiiereby 
melting the crystallization promoter by the high temperature gaseous atmosphere and scattering it against tiie internal 

15 wall plane of the crucible base body. Tlie crystallization promoter may be added in a pure form or it may be mixed with 
powdered silicon dioxide. 

[0014] In step (d) above, preferably, the powder of syntiietic silicon dioxide is supplied into the high temperature gas- 
eous atmosphere to fuse it. and tiien, it is scattered against the crystallization promoter-containing layer provided on 
the internal wall surface of the crucible base body 
20 [001 5] A first emtxxjiment of an inproved quartz glass crucible for producing silicon single aystal copnprise an outer 
layer comprising a crucible base body made of a translucent quartz glass layer, an internal layer comprising a synthetic 
quartz glass layer formed on the inner side of said outer layer, and a aystallization promoter-containing layer inter- 
posed between said internal and outer layers. 

[001 6] In a preferred embodiment the promoter-containing layer is formed on the internal wall surfoce of said crucible 
25 base body, so that the crystallization promoter-containing layer is selectively crystallized toward tiie inner surface of the 
synthetic quartz glass layer tiiereby inducing crystallization of the whole synthetic quartz glass layer, whereby the ays- 
tallization starts at the boundary between the synthetic quartz glass layer and the crystallization promoter-containing 
layer. 

[001 7] An amount of the crystallization promoter that is contained In the crystallization promoter-containing layer is in 
30 a range of from 1 x 10'^ to 1 x 10"® M/cm^'. whereby the dimension "cm^" refers to the outer surface area of the inner 
syntiietic quartz glass layer inner surface area of the crucible base body and tiie dimension M refers to the amount of 
the aystallization promoter expressed in mol. If the amount of the crystallization promoter added is less tiian 1x10'^ 
M/cm^. tiie effect is too small. If amount of tiie crystallization promoter added exceeds 1x10'^ M/cnf, crystallization 
occurs even after conpletion of tiie production that cracks generate on tiie inner surface as cause peeling off of cristo- 
35 baiite. tiiereby making its use unfeasible. The amount of the crystallization promoter which is in contact witii the inner 
syntiietic quartz glass layer is tiie most important feature for inducing the crystallization of the inner synthetic quartz 
glass layer. Therefore the dimension for the amount of tiie aystallization promoter as mentioned above refers to tiie sur- 
face area of the inner synthetic quartz glass layer. The upper and lower limits given above for the amount of the crys- 
tallization promoter are valid under the presuppostion ttiat tiie ttiickness of tiie aystallization promoter-containing layer 
40 is very small, i.e. smaller tiian 0,3 mm. In tiiat case tiie amount of crystallization promoter may be determined by ana- 
lyzing tiie promoter concentration in the crucible material obtained from a bore in the crucible wall having a section area 
of 1 cm^. 

[0018] Useful as the crystallization promoter is an element belonging to Group 2a, Group 3a or Group 3b of the Peri- 
odic Table, wherein Group 2a elements include magnesium, sti^ontium. calcium, and barium, and Group 3a elements 

45 include aluminum. However, particularly preferred is a barium compound, such as barium hydroxide or barium oxide. 
[0019] The aystallization promoter above can be used eitiier alone or as a mixture with a powder of synthetic silicon 
dioxide. The metiiod for adding tiie crystallization promoter includes spraying an aqueous solution thereof while forming 
the outer layer or after forming the outer layer, or depositing a synthetic silicon dioxide powder sufficientiy impregnated 
witti tiie aqueous solution. The layer containing the crystallization promoter is formed as a coated film or a solid solution 

so layer on the surfoce of tiie internal layer. 

[0020] Useful as tiie powdered silicon dioxide as used in step a) is a powder of naturally occurring quartz. If the outer 
layer is naturally occurring quartz, ttiere is a disadvantage in tiiat the syntiietic quartz glass layer in tiie internal layer is 
contaminated by the element transfen'ed from the outer layer, for instance, Li. 

[0021] In tiie case above, it is possible to constitute tiie internal and tiie outer layers using syntiietic quartz glass by 
55 utilizing synthetic quartz glass powder as tiie silicon dioxide powder. However, there remains a problem that the viscos- 
ity becomes too low as to make it easily affected by thermal distortion. However, by interposing a crystallization pro- 
moter-containing layer between the internal and tiie outer layers, there is an advantage that it can be thermally 
reinforced by selectively crystallizing from the crystallization promoter-containing layer to tiie outer and the inher direc- 
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tions. 

[0022] The principle of the present invention is that the crystallization promoter-containing layer containing a crystal- 
lization promoter, for example Ba, which is present between the internal layer, i.e.. synthetic quartz glass, and the outer 
layer, i.e.. for instance, naturally occurring quartz glass, provides the crystallization nuclei by the heat treatment, and 
5 , they selectively allow the synthetic quartz glass layer on the Inner surface to undergo phase transition to cristoballte 
having a melting point of 1700 ^'C or higher Crystallization of the synthetic quartz glass layer begins at the bondary 
between the crystallization promoter-containing layer and the synthetic quartz glass layer, and the the crystallization 
proceeds towards the inner surface of the crucible. 

[0023] The synthetic quartz: glass layer is thereby changed to a reinforced state by the phase transition to cristobalite. 
10 By using the synthetic quartz glass layer which has undergone phase transition to cristobalite, it is possible to suppress 
the conventionally obsen^ed problems, i.e., the elution of quartz glass into silicon melt, the brown-colored spots that are 
formed by the reaction of quartz glass and silicon melt, and the further formation of polycrystalline state due to peeling 
off of the brown-colored spots. 

[0024] In further detail, the method for producing a quartz glass crucible for silicon single crystal according to the 
15 present invention comprises feeding a powder of a naturally occurring quartz into the rotatable mold of the open-top 
type to form a layered formation to thereby provide a pre-molding along the inner surface of the mold, heating from the 
inner surface of the pre-molding to partially fuse the powder of naturally occurring quartz by the high temperature gas- 
eous atmosphere, cooling and solidifying the melt to form a crucible base made of the translucent quartz glass layer. 
While or after forming the crucible base, a crystallization promoter, such as a synthetic silicon dioxide powder contain- 
20 ing a barium compound or a barium compound alone, is continuously supplied and scattered on the surbce of the inner 
wall of the crucible base to form a aystallization promoter-containing layer containing barium at high concentration. 
Then, a powder of synthetic silicon dioxide is supplied into the high temperature gaseous atmosphere and allowed to 
scatter on the surface of the inner wall to thereby form a synthetic quartz glass layer on the crystallization promoter- 
containing layer. 

25 

Brief Description of the Drawing? 
[0025] 

30 Rg. 1 shows a cross section view of an apparatus for use in practicing the method according to the present inven- 
tion, and of a method for producing quartz crucibles using the apparatus. 

Rg. 2 shows a partial cross section view showing a part of the quartz crucible for pulling up silicon single crystal, 
obtained by the method according to the present invention. 

35 

Preferred Embodiment of the Invention 

[0026] An embodiment according to the present invention is explained below with reference to Fig. 1 Referring to Rg. 

1 . a rotatable mold 1 is equipped with a rotation shaft 2. The mold 1 comprises a cavity 1a formed therein, and a base 
40 body 3 of the quartz crucible is placed inside the mold cavity la, which constitutes the translucent quartz glass layer, 

i.e.. the outer layer, formed by a silicon dioxide powder, for instance, a powder of naturally occurring quartz. 

[0027] The base body 3 is produced by feeding a powder of silicon dioxide into the rotating mold 1 along the Inner 

wall thereof to form a layer to thereby provide a pre-nrK)lding having the predetermined shape of the crucible, and the 

quartz powder is melted by heating internally, followed by cooling. 
45 [0028] To heat internally, as is shown in Rg. 1 . an arc discharge apparatus 5 equipped with cartson electrodes 51 and 

52 connected to a power source 10 can be used. Othenvise. a plasma discharge apparatus can be used in the place 

of the arc discharge apparatus 5. For the details of producing the base body 3, references can be made to the detailed 

description in an examined published Japanese patent application He. 4-22861. 

[0029] In order to form the internal layer 4, the apparatus is equipped with a quartz powder supply reservoir which 
so stores the synthetic silicon dioxide powder 6 on the upper side of the mold 1 . The supply reservoir 9 is connected to a 
output pipe 93 provided with a measuring feeder 92. A stinrer blade 91 is placed inside the supply reservoir 9: The upper 
portion of the mold 1 is covered with a lid 71 except for a slit opening 75. 

[0030] After a base body 3 is formed, or during the base body 3 is formed, a crystallization promoter, in form of a bar- 
ium compound Is supplied in a state contained in the synthetic silicon dioxide powder into the inside of the base body 
55 3 while continuing heating by the discharge from cartx)n electrodes 51 and 52. By operating the arc discharge appara- 
tus 5. a high temperature gaseous atmosphere 8 is formed inside the base body 3. Thus, the crystallization promoter 
is supplied to the high temperature gaseous atmosphere 8. 

[0031 ] The crystallization promoter supplied to the high temperature gaseous atmosphere 8 is melted at least partially 
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by the heat generated by the high temperature gaseous atmosphere 8, and, at the same time, is scattered against the 
internal wall plane of the base body 3. so that it may adhere to the internal wall plane of the base body 3. Thus, a crys- 
tallization promoter-containing layer 4a is formed monolithically fused with the base body 3. The crystallization pro- 
moter-containing layer 4a contains the aystailization promoter at a predetermined concentration. 
[0032] Then, the measuring feeder 92 to supply the synthetic silicon dioxide powder 6 is opened at a controlled open- 
ing degree to supply the synthetic silicon dioxide powder 6 alone from the output pipe 93, to thereby form a substantially 
pore-free quartz: glass layer, i.e., an internal layer 4, on the inner plane of the base body 3. For the method of forming 
the internal l^er 4, reference can be made to the detailed desalptlon In the aforementioned examined published Jap- 
anese patent application Hei. 4-22861 . 

[0033] Fig. 2 shows the cross section view of the quartz crucible obtained by the method above. The quartz crucible 
according to the present invention comprises an outer layer, i.e., a base body 3, formed by heating and melting inter- 
nally a silicon dioxide powder, for Instance, a powder of naturally occurring quartz; an Internal layer 4 formed by dis- 
charging a synthetic silicon dioxide powder Inside a high temperature gaseous atmosphere and allowing It to melt and 
scatter, thereby adhering the powder to the inner wall plane of the base body 3; and a crystallization promoter-contain- 
ing layer 4a formed between the outer layer 3 and the internal layer 4. 

Example 1 

[0034] A 22-inch quartz glass crucible was produced by using an apparatus shown in Fig. 1 . In the production, 20 kg 
of a powder of naturally occurring quartz was supplied from the upper opening of the rotating mold and shaped to form 
a pre-molding which corresponds to the outer layer. The surface area of the inner wall of the outer layer was about 8000 

cm^. 

[0035] The pre-molding was then internally heated at a temperature of about 1900*'C and melted to form an outer 
layer, and an aqueous barium hydroxide solution containing 10 mM of Ba Ions was sprayed to provide Ba ions at a con- 
centration of approximately 10 mg per 1 square centimeter of the surface area of the inner wall of the outer layer. The 
Ba-containing film thereby obtained has a thickness of about 0,2 mm. Subsequently, 3 kg of synthetic silicon dioxide 
powder was supplied to the high temperature atmosphere (about 19O0''C ) to form a synthetic quartz glass layer as a 
transparent layer of internal layer. The contact area between the synthetic quartz glass layer and the Ba-containing film 
Is approximate the same as the surface area of the of the inner wall of the outer layer, i.e. about 8000 cm^. 
[0036] Table 1 shows the result obtained on a piece of quartz: glass specimen 20 x 50 x 10 mm in size cut out from 
the crucible and heated at 1450 ""C for 3 hours. Refen-ing to Table 1. it is clearly confirmed that the transparent layer is 
wholly converted Into cristobalite to result in a considerably favorable quartz glass crucible. 

Comparative Example 1 

[0037] A quartz glass crucible was produced under the same conditions used in the Example above by using the 
apparatus shown in Fig. 1 . except for not spraying the aqueous barium hydroxide solution. In Table 1 is shown the result 
obtained on a piece of quartz glass specimen 20 x 50 x 10 mm in size cut out from the crucible and heated at 1450 ^ 
for 3 hours. As is read from Table 1 . no conversion to cristobalite occurred on the entire transparent layer. 



Table 1 





State of the Inner Surface 


Example 1 


Entire transparent layer changed into cristobalite 


Comperatlve Example 1 


No difference observed after heating 



Effect of the Invention 

[0038] As described above, by using the quartz glass crucible according to the present invention in pulling up a silicon 
single crystal, the transparent layer of the quartz glass aucible can be selectively crystallized. Thus, because the impu- 
rity which functions as a crystallization promoter is not brought into direct contact with tiie silicon melt, the incorporation 
of an Impurity Into the silicon single crystal can be prevented from occurring; accordingly, the present invention is also 
effective in suppressing tiie generation of crystal defects. Furthermore, because the quartz glass crudble according to 
the present invention is thermally reinforced, it can be advantageously used for a longer duration of time. The method 
of production according to the present invention is useful in that it effectively provides quartz glass crucible of tiie 
present invention. 
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1 . A method for producing a quartz glass crucible for pulling up silicon single aystals, comprising the following steps: 

5 ' (a} forming a pre-molding by feeding powdered silicon dioxide into a mold, and by then forming it into a layer 
along the inner surface of the mold; 

(b) forming a crucible base body of a translucent quartz glass layer by heating said pre-molding from the inner 
side, thereby partially melting said powdered silicon dioxide, followed by cooling and solidifying the melt; 

10 

(c) forming a crystallization promoter-containing layer along the internal wall surface of said crucible base body 
by scattering the crystallization promoter on the surface of the internal wall of the crucible body during or after 
forming the crucible base body, and 

15 d) forming a synthetic quartz glass inner layer by scattering and fusing a powder of silicon dioxide on the crys- 

tallization pronfK>ter-containing layer that Is formed afong the internal wall surface of said crucible base body. 

2. Method according claim 1 , wherein said step (c) comprises: forming a high temperature gaseous atmosphere of 
the inner side of the crucible base body; and supplying the crystallization promoter to the high temperature gase- 

20 ous atmosphere, thereby melting the crystallization promoter by the high temperature gaseous atmosphera 

3. Method according to claim 1 , wherein step (d) comprises: forming a high tenperature gaseous atmosphere of the 
inner side of the crucible base body, and supplying the powder of synthetic silicon dioxide into the high temperature 
gaseous atmosphere to fuse it; and then scattering it against said crystallization promoter-containing layer provided 

25 on the internal wall surface of the crucible base body. 

4. Method according to one of the claims 1 to 3, wherein the amount of the crystallization promoter that is contained 
in said crystallization promoter-containing layer is in a range of from 1 x 10'^ to 1 x 10'^ M/cm^ with respect to the 
inner surfece of said crucible base body. 

30 

5. Method according to one of the claims 1 to 4, wherein said crystallization promoter is an element belonging to 
Group 2a. Group 3a or Group 3b of the Periodic Table. 

6. Method according to one of the claims 1 to 5. wherein said aystallizatlon promoter is a l>arium compound. 

35 

7. Method according to claim 1 , wherein said powdered silicon dioxide used in step a) is a powder of naturally occur- 
ring quartz. 

8. A quartz glass crucible for silicon single crystal, which comprises an outer layer comprising a crucible base body 
40 made of a translucent quartz glass layer, an internal layer comprising a synthetic quartz glass layer formed on the 

inner side of said outer layer, characterized in that a aystallizatlon promoter-containing layer is interposed between 
said internal and outer layers. 

9. A quartz glass crucible according to daim 8, characterized in that the crystallization promoter-containing layer is 
45 formed on the internal wall surface of said crucible base body, and that the crystallization promoter-containing layer 

is selectively crystallized toward the inner surface of the synthetic quartz glass layer. 

10. A quartz glass crucible for silicon single crystal as claimed in claim 8 or claim 9. wherein the crystallization pro- 
moter-containing layer contains a crystallization promoter in a concentration in a range of from 1 x 10'^ to 1 x 10'^ 

so M/cm^ with respect to the inner surface of said aucible base body. 

1 1 . A quartz glass crucible according to one of claims 8 to 1 0, wherein said translucent quartz glass layer is a translu- 
cent layer of naturally oocun^ing quartz glass. 

55 12. A quartz glass aucible according to one of claims 8 to 11, wherein said crystallization promoter is an element 
belonging to Group 2a. Group 3a or Group 3b of the Periodic Tabia 

13. A quartz glass crucible according to one of claims 8 to 12, wherein said crystallization pronfX)ter is a barium com- 
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